ABSTRACT Fifty-two patients with isolated congenital ventricular septal defects (VSDs), studied for the first time at age 10 or older, were restudied an average of 16 years later (range 4 to 2 1 ). The than a left-to-right shunting7 8 at the ventricular level, as evidenced, for example, by a high incidence of valvular lesions. It was also observed that even in subjects with small shunts, normal pulmonary arterial pressure, and absence of complicating valvular disease, a subnormal physical performance was often observed. This finding provides the rationale for the present study of hemodynamics at rest and during mild supine exercise. The main objective was to assess whether this subnormal physical performance could be related to the fear of having a congenital heart disease.
THE TREATMENT of children with large ventricular septal defects (VSDs) and pulmonary hypertension is well established.' 2 However, if surgery is postponed in the absence of large shunts and pronounced pulmonary hypertension, the risk of late functional myocardial sequelae is increased, even if only lesser degrees of pulmonary hypertension have developed. 3 Whereas VSDs in infants and small children are subject to close surveillance, less emphasis has been placed on unoperated VSDs in adolescents and adults. Recently we conducted a follow-up study of a series of 125 patients evaluated for possible operation of their VSDs in our hospital .6 All were 10 years of age or older when first evaluated for possible operation and had reached the age of 30 years or older when restudied an average of 15 years later. That study added support to the idea that VSD may represent a more complex condition CFor further details, see ref. 6. the factors given in table 1. In brief, the study group consisted of 52 patients who gave informed consent for the hemodynamic study, who were free of confounding heart disease, and who were able to conduct supine bicycle exercise as part of the hemodynamic study (see below). Of the 52 patients, 17 had undergone surgery in relation to the baseline study (group 1) and 35 had not undergone surgery (group 2). Mean age, age range, and observation time are shown in table 2.
The methods for diagnosing various valvular heart diseases are reported in detail elsewhere.6 Since diagnostic coronary angiography was not routinely performed, undiagnosed coronary heart disease could not be ruled out in some patients, although the following findings suggest that significant coronary heart disease was present only rarely: none had diagnostic Q waves in the standard 12-lead electrocardiogram, none had a history suggesting angina pectoris or previous myocardial infarction, and results of symptom-limited bicycle ergometer exercise testing were normal in all 45 patients tested. Only 19 of 52 were 40 years of age or older (8/25 men). None had hypertension (i.e., blood pressure -160/90 mm Hg), and none used cardioactive drugs. The shunt sizes in groups 1 and 2 during the baseline and follow-up studies are shown in figure 1 . At follow-up, eight patients in group 1 had a closed shunt and nine had a residual shunt (minor in eight). Baseline and follow-up shunt sizes were virtually identical among patients from group 2.
The hemodynamic and clinical reasons for surgery among the 17 group 1 patients are given in Hemodynamic study. Simultaneous left and right heart catheterization was performed in all 52 patients, whereas the seven control subjects underwent right heart catheterization alone.
Exercise technique. Supine exercise testing was performed on an Elema electrically braked bicycle, with the legs slightly elevated as described by Holmgren et al. 13 The load during the study was Symptoms and PASP >30 mm Hg (2) No symptoms (2) History of bacterial endocarditis (2) Symptoms only (3) Minor (n 1) Dyspnea (1) Symptoms only (1) PASP pulmonary arterial systolic pressure. Closed oxygen uptake (ml/min) and arteriovenous oxygen difference (ml/min) between the aorta and pulmonary artery, and Q, (systemic flow, liters/min) was calculated from the oxygen uptake and arteriovenous oxygen difference between the aorta and right atrium. At rest the oxygen saturation was calculated from the mean of three blood samples from high, mid, and low right atrial positions. During exercise only one sample from the mid right atrial position was used. The absolute size of the left-toright shunt was estimated only when the oxygen saturation increased by 5% or more from right atrium to pulmonary artery.
In the presence of a difference in saturation between the right atrium and pulmonary artery of less than 5%, a shunt detected by means of left ventricular angiography and/or hydrogen registration was termed minor. Shunts greater than 50% were termed large, and all other shunts were termed medium.'4 Representative samples of expired air and blood samples for determining the oxygen content in the aorta, pulmonary artery, and right atrium during exercise were obtained in all patients from group 1. Among subjects from group 2, blood samples from the pulmonary artery were not obtained in two and from the right atrium in five. One did not cooperate adequately for air sampling. Hence Qp and Q, during exercise could be calculated in only 33 of 35 and 29 of 35 patients in group 2.
Forward left ventricular stroke volume was calculated as Qs/heart rate and right ventricular stroke volume as Q/heart rate.
Derived data. Pulmonary arteriolar resistance (dyne-sec- men in group 2 (9600 ± 980 and 9739 ± 2370 kpm, respectively), nor was any difference observed between the five women with closed shunts in group 1 and the 11 women in group 2 (6420 ± 2936 vs 6727 + 2250 kpm, respectively). The seven women in group 1 with residual shunts had significantly lower total work performance than the other subgroups of women (p < .05). Among the men (n = 22) all but one had a work performance below mean and 18 of 22 had below median work performance for age-matched normal men'0 (p < .01).
Echocardiographic findings. Results of echocardiographic studies are summarized in table 4. In group 1, seven of nine with a residual shunt and seven of eight with a closed VSD had subnormal fractional shortening (i.e., <35%). In contrast, only five of 25 from group 2 had fractional shortening less than 35%. Mean velocity of circumferential shortening was subnormal (i.e., <1.00 circumferences/sec) in five group 1 patients with and four without residual shunt and in 1 1 of 25 patients from group 2. The other values were normal, except for a reduced systolic septal thickening among group 1 patients with residual shunts.
Hemodynamic findings. Resting pulmonary arterial pressures at baseline and follow-up study in groups 1 and 2 are shown in figure 2. In the majority of group 1 patients the pulmonary arterial systolic pressure decreased, whereas it increased in all but two group 2 Exercise factor as defined above was higher among the normal subjects than among the group 1 patients. Thus whereas exercise factor in the pulmonary circulation was above normal (i.e., '6) in all control subjects, five of eight with a closed shunt, and five of nine with a residual shunt had a value of less than 6. Systemic exercise factor was below 6 in eight of nine patients with a residual shunt and in five of eight with a closed VSD. Subjects with a residual shunt and/or an elevated baseline pulmonary arterial systolic pressure had the lowest exercise factor response. Pulmonary arteriolar resistance increased in all subgroups but was unchanged among control subjects (on a lower level). Systemic values could be observed. In group 2 a correlation of low degree was found between mean pulmonary arterial pressure during exercise and age (r = .36, p < .05).
As an example of the poor association between age and the various parameters, figure 6 shows the separate values for mean pulmonary capillary wedge pressure at rest and during exercise in the total patient population (a) and in the control group (b).
Discussion
This study was designed to assess cardiac function at rest and during mild supine exercise in adult patients with VSDs operated on after the age of 10 years or left unoperated. Although they had no or only moderate symptoms, most exhibited a subnormal exercise tolerance to a standardized bicycle exercise test. Echocardiographic studies revealed a suboptimal systolic left ventricular function at rest as evidenced by a subnormal fractional shortening and circumferential shortening in a high proportion of patients. During catheterization a reduced exercise factor (especially in the systemic circulation), lack of increase in right and left ventricular stroke volumes, and considerable increases in pressures in the pulmonary circulation, pulmonary arteriolar resistance, and left ventricular end-diastolic pressure were all findings compatible with disturbed cardiac function.
However, before these findings can be attributed to VSD, other cardiac diseases should be excluded. According to the selection criteria, none of our patients had valvular heart disease. As shown in a) REST Nevertheless, our control subjects as well as the patients with mitral valve prostheses28 were studied with the same protocol as our VSD patients. The use of a mouthpiece for air sampling may influence intrathoracic pressures and thus left ventricular end-diastolic pressure and mean pulmonary capillary wedge pressure values.29 However, pressures measured at 2 min, i.e., before the insertion of the mouthpiece, were virtually identical to the pressures measured during the third minute as exemplified in figure  7 . Some of the studies in the literature report the use of a mouthpiece'3 18, 20, 21 25 and some do not. 15 23 24 To our knowledge no investigators have compared pressures with and without a mouthpiece in the same patient during the same study, and hence the effect of the mouthpiece is uncertain.
The fact that subnormal exercise factor and left ventricular stroke volume are either unchanged or reduced during exercise further corroborates the idea that left ventricular function is impaired. The poorest performance was found in group 1 patients with elevated preoperative pulmonary arterial systolic pressure and/or residual defects, in whom stroke volume decreased. A normal response, as observed in our control group, should have been a small increase as reported unaniMOusly. 13 had been operated on in the early days of cardiac surgery) are factors that can explain the functional cardiac derangement, which includes impairment of systolic function as well as reduced compliance in both ventricles.
Surprisingly, the rise in right and left ventricular filling pressures and pulmonary arteriolar resistance in group 2 were unrelated to shunt size. The only likely explanation for a reduced cardiac function among these patients seems to be the VSD itself. The patients were probably too young, with a small age range, for age to be a significant factor.
Previously Bloomfield32 suggested that a "VSD cardiomyopathy" may develop in adults. One might speculate whether this so-called cardiomyopathy is related to long-standing pressure and volume overload. However, it should be mentioned that it has been suggested that VSD reflects only one part of a more severe developmental defect in the cardiac structure.7' 8 If so, this might explain the very high incidence of valvular lesions observed at baseline in our patients (table 1),6 14 and could suggest disturbance of septal pump function. Echocardiographically, however, we have not observed paradoxic movement of the septum, but septal systolic thickening was reduced in those operated on with residual defects, the subgroup with the poorest cardiac function as judged by exercise hemodynamics. Further scrutiny of the septal function with more refined techniques may be warranted in adults with VSD. The presence of a septal aneurysm according to ventriculography had no impact on our results. The present and previous reported findings9 indicate that VSD left unoperated, even in the presence of normal or moderately increased pulmonary arterial systolic pressure and minor or medium shunts, does not represent an innocuous condition but a condition that demands close surveillance. However, whether early operation with modem techniques may alter the course observed in our patients is uncertain.
